
REPORT DOCUMENTATION PAGE 
Form Approved 

OMB No. 07040788 

Public «porting burden for this collection of Information I* estimated to average 1 hour per responae. Indudlng the time for revtawlng instructions, «arching existing dau 

gathering and maintaining th. data naadad. and complatlng and revlawlng tha collection of information. Sand commant» ragarding this burden estimate or any other aspect of this 

1. AGENCY USE ONLY (Uav blank) 2. REPORT DATE 

5 Mar 99 

3.  REPORT TYPE AND DATES COVERED 

1     -Tan    Qfi   - 

4. TITLE AND SUBTITLE 

Biosynthesis of 3-dimethylsulfoniopropionate 
in marine algae   

6. AUTHOR(S) 

Andrew D.   Hanson 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 

University of Florida 
Horticultural Sciences Dept. 
Gainesville, FL 32611-0690 

9.  SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 

Office of Naval Research 
800 N. Quincy St. 
Arlinton, VA 22217-5000 

■Tan     QQ 
5. FUNDING NUMBERS 

N00014-96-1-0364 

8. PERFORMING ORGANIZATION 
REPORT NUMBER 

10.  SPONSORING / MONITORING 
AGENCY REPORT NUMBER 

11.  SUPPLEMENTARY NOTES 

12a.  DISTRIBUTION / AVAILABILITY STATEMENT 

DISTRIBUTION UNLIMITED 

12b.  DISTRIBUTION CODE 

13. ABSTRACT (Maximum 200 words) 

The aim of this research was to investigate the steps in the biosynthesis 
pathway of 3-dimethylsulfoniopropionate (DMSP) in marine algal groups.  DMSP 
is the biogenic precursor of atmospheric dimethylsulfide (DMS) gas.  A 
combination of in-vivo radioactive and stable isotope labeling and enzyme 
assay was employed.  The pathway was studied in the intertidal green macroalga 
Enteromorpha  intestinalis  and in three diverse microalgae (Tetraselmis  sp., 
Emiliania  huxleyi  and Melosira  nummuloides.     Evidence was obtained for the 
following pathway in all cases: methionine -*  4-methylthio-2-oxobutyrate -»■ 4- 
methylthio-2-hydroxybutyrate -» 4-dimethylsulfonio-2-hydroxybutyrate ->■ DMSP. 
The enzymes mediating the first three steps, an aminotransferase, a reductase 
and a methyltransferase, were detected in extracts of E.   intestinalis.   In-vivo 
180-labeling data indicated that the final step is mediated by an oxygenase. 

14.   SUBJECT TERMS 

dimethylsulfoniopropionate, DMSP, biosynthesis, algae 

17.   SECURITY CLASSIFICATION 
OF REPORT 
Unclassified 

18.   SECURITY CLASSIFICATION 
OF THIS PAGE 

Unclassified 

19.   SECURITY CLASSIFICATION 
OF ABSTRACT 

Unclassified 

15.  NUMBER OF PAGES 

16.  PRICE CODE 

20.  LIMITATION OF ABSTRACT 

UL 

SH0 atTÄirrY isspECtf i^ a 
Standard Form 298  (Rev.  M|» fteuriMI by ANSl-SrtZJSj^B 



FINAL REPORT 

Grant#: N00014-96-1-0364 

PRINCIPAL INVESTIGATOR; Dr. Andrew D. Hanson 

INSTITUTION: University of Florida 

EMAIL: adha@gnv.ifas.ufl.edu 

GRANT TITLE: Biosynthesis of 3-Dimethylsulfoniopropionate in Marine 
Algae 

REPORTING PERIOD: 1 Jan 1996 - 1 Jan 1999 (36 months) 

AWARD PERIOD: 1 Jan 1996 - 1 Jan 1999 

OBJECTIVE: To coordinate a 4-laboratory collaboration (Hanson, Rhodes, 
Gage, Leustek) to investigate 3-dimethylsulfoniopropionate (DMSP) 
synthesis in marine algae; to identify the intermediates involved in the 
macroalga Enteromorpha intestinalis and in phytoplankton species; to 
begin identifying enzymes of DMSP synthesis; to develop convenient 
radiochemical syntheses for DMSP and its precursors. 

APPROACH: In-vivo radioactive and stable isotope labeling plus mass 
spectrometry were employed to identify the steps in the pathway.  Enzyme 
assays of algal extracts were used to identify the enzymes mediating 
these steps.  The pathway was studied in the intertidal green alga E. 
intestinalis and in three diverse microalgae (Tetraselmis sp., Emiliania 
huxleyi and Melosira nummuloides. [35S]Methionine (Met) was supplied to 
the algae and labeled metabolites were analyzed by ion exchange 
chromatography, TLC and electrophoresis.  13C-Labeled Met was supplied 
with or without 1802, and labeling of metabolites was investigated by 
mass spectrometric methods.  [35S]Met was used to synthesize labeled £- 
methylmethionine (SMM), 4-methylthio-2-oxo- and 2-hydroxybutyrate (MTOB 
and MTHB) and 4-dimethylsulfonio-2-hydroxybutyrate (DMSHB).  These com- 
pounds were used as in-vivo precursors and as enzyme substrates. 

ACCOMPLISHMENT?: In collaboration with Rhodes, Gage and Leustek, in-vivo 
radiotracer and stable isotope labeling experiments were used to define 
steps in DMSP synthesis, first in EJ. intestinalis. then in the three 
phytoplankton species.  These steps were shown to be: Met -»• MTOB -► MTHB 
-» DMSHB -»■ DMSP. 

We demonstrated that the first three enzymes of DMSP synthesis in £. 
intestinalis are a 2-oxoglutarate-dependent aminotransferase, an NADPH- 
dependent reductase, and an fi-adenosylmethionine-dependent 
methyltransferase.  We showed that the reductase and methyltransferase 
are specific for the D-isomer of dimethylsulfoniohydroxybutyrate 
(DMSHB), and that the aminotransferase has an exceptionally high 
affinity for methionine (K, = 30 uM in the presence of 1 mM 2- 
oxoglutarate). We also showed, in collaboration with Leustek, that DMSHB 
can act as an osmoprotectant for bacteria. 

We developed methods to prepare the following 35S-labeled compounds at 



high specific radioactivity, starting from [35S] methionine: DMSP, MTOB, 
D- and L-MTHB, D- and L-DMSHB, SMM and methylthiopropionate. 

CONCLUSIONS; The DMSP synthesis pathway appears to be the same in four 
diverse algal groups, including important producers of DMS. This pathway 
is completely different to that in flowering plants, which proceeds via 
SMM and DMSP-aldehyde.  That an aminotransferase with a very high 
affinity for methionine stands at the head of the algal pathway is 
consistent with DMSP synthesis competing for methionine with protein 
synthesis, and may help explain why nitrogen deficiency enhances DMSP 
production. Depletion of cellular amino acids would favor the 
transamination reaction, thereby promoting DMSP synthesis when nitrogen 
is limiting.  That DMSHB is an intermediate in DMSP synthesis raises the 
possibility that catabolism of this compound could contribute to DMS 
emissions from living algae. 

SIGNIFICANCE; This work established for the first time the algal DMSP 
biosynthesis pathway. Methods for synthesizing isotopically labeled DMSP 
and intermediates in its synthesis were developed and published. 
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